We consider the e ective Eddington luminosity in a locally inhomogeneous medium by averaging out the coarse, small scale behavior. We show that the ratio between the emitted ux and the average radiation force changes. The mean luminosity can therefore theoretically exceed the classical Eddington limit.
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Introduction: The Speci c Astrophysical Problem and Set-up
The best studied example of systems exhibiting super Eddington luminosities is undoubtedly novae. These stars increase their luminosities by factors of 10 4 or more within a few hours and stay in this peak luminosity for a very long duration. The problem with super-Eddington luminosities in novae was already pointed out by Finzi (1973) who assumed a convective hydrogen-rich shell with a radiative atmosphere. Bath & Shaviv (1976) built the theory of optically thick winds for novae as a model for continuous ejection on the basis that novae radiate at luminosities close to the Eddington luminosity but not above it. Could it be that the input physics in the thermo-nuclear runaway (TNR) simulations is wrong and the opacity for example is higher? We do not think so. On the contrary, when the opacities increase the problem aggravates. We show in this letter that by assuming homogeneous media, certain phenomena and instabilities are ignored and that they are responsible for the observed phenomenon.
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It is generally assumed that the maximum emitted luminosity by a self gravitating object in hydrostatic equilibrium cannot exceed L Edd (cf. Joss et. al. 1973 for an analysis of a spherical and chemically homogeneous case). However, in view of the above observations it is evident that nature has found a way around it and we have to reconsider the basic role the Eddington luminosity plays in astrophysics. Novae provide an excellent test bed for theories of the Eddington luminosity and understanding how its violation can occur. We also note that the measured expansion velocities of a nova which exhibited a period with a super Eddington luminosity were signi cantly smaller than the WD escape velocity and thus raise the question: If the actual radiation pressure force highly exceeds the gravitational acceleration, how can the expansion velocity be as low as the observations imply?
The structure of this letter is as follows: We rst provide some observational evidence for the long periods of super Eddington luminosities. We then discuss the treatment of the mean radiation force when the medium is inhomogeneous on a scale of a few optical paths. After obtaining the expression for the average (e ective) extinction coe cient in an inhomogeneous medium, we examine its behavior and show that the limiting Eddington luminosity can increase in such a medium. In the last section we show that even if a medium starts as homogeneous, the radiation force ampli es acoustic waves and inevitably forms inhomogeneities which increase L Edd :
2. Is There A Maximum Luminosity? 1D TNR simulations predict the bolometric luminosity, the mass ejected and the composition (Starr eld 1995 , Prialnik & Kovetz 1995 . The agreement with observations is generally good. However, there are two fundamental problems which remain unexplained: The amount of ejected mass (Williams 1994) and the luminosity during the ejection phase. Here we discuss the second problem and suggest that the rst one is closely connected to it.
Certain novae exhibit relatively long periods in which the luminosity is greater than L Edd;Th by about a factor of 10 or more. With 
Th is the Thomson scattering opacity, M and M WD are the solar and WD masses, and X is the Hydrogen mass fraction. As was pointed out by Livio (1992) , this is \exempli ed by the fact that 12 out of 15 systems considered by de Vaucouleurs (1978) reached luminosities brighter than magnitude -7.1". Livio (1992) gives the following expression for the observed { 3 { absolute magnitude at maximum as a function of WD mass: M max B = ?8:3 ? 10:0 log 10 (M WD =M ) ; (2) which implies that L = 1:53 10 5 (M WD =M ) 4 L : In other words, the peak luminosity of a 1M nova signi cantly exceeds its L Edd;Th . Let us describe just three observed systems. V1500 Cygni: Wu and Kester (1977) nd that L max 20 L Edd;Th (M = 1M ). The extent of the maximum (certainly more than several hours) shows that we have at least a quasi steady state. It is interesting to note that the line pro les show many clumps already at an early phase of the eruption. Rush and Thomson (1977) have made spectroscopic observations with a time resolution of 3-15 minutes and showed the existence of a very ne structure in the lines indicating that the ow was inhomogeneous already at this phase.
CP Pup: According to Duerbeck (1981) the nova at maximum reached an absolute magnitude of -11.5, so that over a large fraction of the outbursts the luminosity is two orders of magnitude greater than L Edd;Th ! Note that the expansion velocities as found from the various spectra are not very high (about 2000km/sec), namely, of order of the escape velocity and not an order of magnitude higher as would by implied by an L Edd acceleration.
LMC 1991: This nova in the Large Magellanic Cloud, the distance to which is very well known by many other methods, reached a luminosity of 2 10 5 L for few days! 3. The radiative force in a multiphased medium
The rst question is whether a locally inhomogeneous con guration for which L Edd > L Edd;Th can be constructed. Globally asymmetric solutions are known to exist, however, we are looking for a more general form of solutions. The inhomogeneities are assumed to be on a linear scale much smaller than the radius of the star or the scale height but larger than the scale of a few optical depths. We currently do not discuss their source that can for example be convectively driven acoustic waves.
The L Edd is de ned by F rad (L = L Edd ) = F grav : Namely, the force per unit mass exerted by the radiation, f rad;m , should be equal to the gravitational force per unit mass GM ? =r 2 .
The radiative force per unit volume is given by: f rad;v = ? dp rad
where H = H I cos d is the radiative ux and I the speci c intensity. In the treatment { 4 { here we assume a gray opacity. We can therefore write:
where m or v are the total gray extinction per unit mass (l 2 m ?1 ) or per unit volume (l ?1 ). Consider now a stellar inhomogeneous medium where the inhomogeneities have a scale l h l R where l R is the stellar length scale (say the scale height). Also, assume that l l h where l is the photon mean free path. We are interested in nding the global, large scale properties. In order to nd the \macroscopic" behavior, we wish to average out the \microscopic" physics of the inhomogeneities. That is, we wish to average the equations of hydrostatic equilibrium over a scale l a which is much larger than the photon mean free path l and yet much smaller than the linear scale in the star. We follow the standard procedure in the theory of multiphase ow (e.g. Bear & Bachmat 1991) .
The total radiative force F rad exerted on a total mass M a in a volume V a of a scale l 3 a larger than the size of the inhomogeneities, is given by:
where hi implies a volume weighted average.
De ne an e ective extinction coe cient for the medium as:
Using this de nition, we can write the radiative force as:
If L is the total luminosity of the star, then the average radiation ux can be expressed as hHi = L=4 r 2 . The Eddington luminosity is then given by: 
Evidently, the coe cient de ned in eq. 6 is the natural choice for the Eddington luminosity { the luminosity above which the average radiative force on a mass element exceeds the gravitational one. It is similar to the Rosseland mean in which the e ective opacity used is the frequency-space ux weighted opacity. When space is inhomogeneous, the opacity is instead the spatial ux weighted opacity.
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An Estimate of the change in L Edd
We have seen that the e ective extinction relevant to L Edd changes in a multiphase medium. Let us estimate the change in L Edd : Because of limited space and for the purpose of understanding the underlying physics, the discussion here is limited to LTE and to optical depths larger than unity for which the di usion approximation applies. The radiative ux is then given by: 
The simplest way to perceive the change of L Edd in an inhomogeneous system is by comparing it to a homogeneous system with the same mass and volume, i.e.,
For the sake of generality we shall not assume anything on the boundary conditions, namely, we compare two systems, one is homogeneous with a ux H (0) and a constant temperature gradient rB (0) while the second is an inhomogeneous system with a new average ux D H (1) E and a new average temperature gradient D rB (1) E . This is permissible because the e ective opacity depends on the local correlation between H and v and not on the boundary conditions that can therefore be arbitrary. Eq. 11 can be written for the homogeneous and inhomogeneous cases as:
rB (0) H ( H (0) hH (1) i :
Similarly, by applying eq.10 to both the homogeneous case and the inhomogeneous case and subsequently dividing the results, we obtain:
The radiation source function rB (1) can be written as the sum of a secular term rB 
because the harmonic average of a positive function is always smaller than its arithmetic mean. The equality is achieved only when the perturbation vanishes.
The situation is more complicated when v / T . The rst term is 0 h1= i, with = for isothermal and = + ( ? 1) for adiabatic perturbations (of index ). For > 0 or < ?1 the term will always be larger than its unperturbed counterpart, while for ?1 < < 0 it will be always smaller. Hence, under certain circumstances, the e ective opacity increases and L Edd decreases.
The second term vanishes by de nition in the case of isothermal perturbations. In the cases where T (and B) are a function of (as is the case of adiabatic perturbations) the pre-averaged term can be written as a gradient of another function of T. When averaged, the result will depend only on the boundary conditions which were de ned not to include the secular gradient. Thus, in the limit of an averaging regions much larger than the typical size of the perturbation, this term vanishes as well. Although the behavior of the second term is more complicated, we conclude that in the extreme cases of adiabatic or isothermal perturbations, it vanishes and has no importance.
Another interesting result is obtained in the limit of negligible gas heat capacity where r H = 0. This limit is discussed extensively in the literature under di erent terminologies with the e ective opacity given by eq. 15 or 17. For Thomson scattering the e ective opacity generally decreases. If one decides to x the average ux then the average temperature gradient and the total force exerted by the radiation will be smaller than the homogeneous values. If one decides to x the average temperature gradient, the radiative force will remain the same as in the homogeneous case, but the total ux in the system increases, e ectively making it porous. For a system to be truly quasi-static and super-Eddington, not only does the average force on each mass element need to exceed the gravitational one, but the time averaged radiative force should be smaller as well. Otherwise, some elements will experience a net acceleration. Moreover, questions such as whether convection is excited or whether a wind is driven from the optically thin regions should be addressed in the future.
The Instability of Acoustic Waves
The next issue to address is the interaction between the radiation and acoustic waves. We have evaluated the radiation eld in the presence of inhomogeneities (in a given con guration) but did not consider the radiation back reaction on the inhomogeneities.
The question is the feedback from the radiation on a wave. If positive, we expect an instability to grow, otherwise, the wave decays. Towards this goal, we evaluate the average power pumped by the radiation into the wave. The speci c power is p = f rad;m v where v is the local material velocity. It is given by v = ( 1 = )v w ; with v w the wave speed in the direction of the radiation ux, which for acoustic waves is just p a cos , where is the angle from the direction of the radiation ux and a is the isothermal sound speed. The adiabatic index can be taken as 1 for isothermal waves. In the linear limit, we can expand around the unperturbed con gurations to get: 
and it is found when all the energy in the wave is in the form of kinetic energy. The inverse growth time for the energy (as opposed to the amplitude) is:
In optically thick systems, the ratio H 0 =B is given by: 
with h B the radiation density scale height. Hence, the ratio between the time it takes the wave to travel the distance d (for example, the size of the star), and the growth time of the instability , is:
with the radiation to gas pressure ratio. The sign implies that waves moving in the opposite direction to the radiative ow are unstable and have a \positive" growth time, and waves which move in the same direction decay. Apparently, the waves will be able to grow many e-folds only when the radiation pressure is larger than the gas pressure. 1
Discussion
We have shown that the opacity relevant to the the de nition of the L Edd is proportional to the radiation ux weighted volume averaged opacity over the averaged ux. It was shown that eff m can increase or decrease (relative to the homogeneous case) depending on the circumstances. For Thomson scattering, which normally de nes L Edd;Th , eff m = m decreases for any adiabatic or isothermal perturbation. It will generally do so in other cases as well.
It was also shown that a net radiation pressure renders acoustic waves unstable (and the instability increases L Edd ). When acoustic waves operate they create a situation where 1 Note that the above discussion does not include the e ect of radiation damping and is limited to adiabatic waves. A detailed calculation (Shaviv '98) the momentary force on an element may be higher than the gravitational one, but the mean force exerted on it is smaller than the gravitational force. L Edd can therefore be higher than L Edd;Th : The exact extent to which L Edd can grow depend on non linear e ects that will be investigated elsewhere. In the non linear regime, the systems can probably develop sheet like or spaghetti like structure that has its ux weighted volume averaged opacity highly reduced and therefore the Eddington luminosity highly increased, even in the optically thin limit. Evidently, numerical simulations describing the growth of these instabilities are needed in order to quantify the extent to which the e ective opacity is reduced. The relevant parameter is the radiation to gas pressure ratio: = P rad =P gas = (T=2keV ) 3 =( g=cc]) 1. When > 1, the growth time is shorter than the sound crossing time which itself is shorter than the evolution time scale. The evolution of the nova is as follows: At the beginning, L increases at practically constant R, and hence both L and T eff increase. When L (in the theoretical model) approaches L Edd;Th the envelope starts to expand at practically constant L. At this point the conditions below the photosphere are T 2 10 5 K and 10 ?5 ? 10 ?7 g=cc such that 1: However, from this point on through the expansion down to photospheric temperatures of 6000 K, increases as the speci c entropy increases during the expansion. Recent nova observations have shown clumpy envelopes. We predict that novae that exhibit a super Eddington luminosity will also show very fragmentary structure needed to increase their e ective Eddington limit.
The two fundamental problems in TNR theory of nova are m eject;theory << m eject;observed and L max;observed > L Edd;Th L max;TNR . When the e ective radiation force is reduced, the basic driving piston of the novae mass loss is reduced respectively. The TNR will therefore, start later and will eject a higher mass. Only detailed calculations of a nova eruption can provide the exact magnitude of the e ect. Such calculations have been started. Standard nova spectral analysis is carried out assuming homogeneous medium. The theory and procedure must be revised to handle inhomogeneities.
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